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In this study, food wastes such as waste bread, savory, waste cakes, cafeteria waste, fruits, 23 vegetables and potatoes were used as sole substrate for glucoamylase production by solid state 24 fermentation. Response surface methodology was employed to optimize the fermentation 25 conditions for improving the production of high activity enzyme. It was found that waste cake 26 was the best substrate for glucoamylase production. Among all the parameters studied, 
Introduction
42
Food waste (FW) is a kind of organic waste discharged from households, cafeterias and 43 restaurants. According to (FAO 2012) , one third of food produced for human consumption
44
(nearly 1.3 billion tones) is lost or wasted globally throughout the food supply chain and it is 45 increasing dramatically while almost 1 billion people worldwide are classified as starving.
46
Besides, every tone of FW means 4.5 ton of CO2 emissions (Smith et al. 2001 ). Currently, the 47 majority of FW in Singapore is incinerated with other combustible municipal wastes for heat or 48 energy production, while residual ash is then disposed of in landfills. However, incineration is an 49 expensive waste conversion technique and can cause severe air pollution (El-Fadel et al. 1997 ).
50
From an environmental viewpoint, there is an urgent need for appropriate management of FW.
51
Due to its chemical complexity, high moisture content, easy degradation and nutrient rich 52 composition, FW should be treated as a useful resource for higher value products, such as fuels 
56
Starch is an important biopolymer in foods, as such, it is a significant part of kitchen waste 
Effect of particle size on SSF
127
To determine the effect of particle size the substrate was sieved through mesh number 5, 10, 16 for 4 days as these conditions were reported to be the optimum for GA production from 
Experimental Design for Enzyme Production
135
A 2 4 full factorial design was used in the optimization of GA production from cake waste. Initial 136 pH (X1), moisture content (X2, %, w/w), inoculum loading (X3, inoculum/g substrate) and time
137
(X4, day) were chosen as independent input variables as they are the most important parameters buffer, pH 7.0 taken in 100 mL Erlenmeyer flask was mixed with GA produced in-situ from according to the dinitrosalicylic acid (DNSA) method using glucose as standard (Miller 1959 ). 
Results and discussion
223
In order to understand the effects of different substrates, the wastes were characterized (Table 2) .
224
As can be seen in the table, the food wastes composed of different constituents. Bread has the 225 highest starch content (71.6%) followed by potato (47.6%), cake (45.8%) and savory (45.7%).
226
The reducing sugar content of cake (16.8%), fruit (11.7%) and potato (1.2%) were higher than 227 that of bread (1.5%). colonized well the waste materials, and exhibited a good growth on the surface after 24 hours.
236
The high reducing sugars in cake, fruit and potato wastes may have triggered the GA production, 237 so it was higher than savory and mixed type FW on day 1. The growth and enzyme yields 238 improved gradually, and the maximum activity of GA was obtained using waste cakes on the 4 th 239 day of fermentation (Figure 2 ). It was followed by bread, potato and fruit wastes. The protein 240 content of cake waste (14.1%) was also higher than that of bread (8.6%) which may have 241 resulted in a better fungal growth and higher GA activity. To our knowledge this is the first 242 study demonstrating that cake waste is a better substrate for GA production. The optimization of 243 GA production from cake waste which resulted in the highest enzyme activity was afterward 244 investigated.
245
The utilization of the substrate during solid state fermentations by the fungi was not only 247 influenced by its nutritional quality but also by the particle size of the solid substrate (Schmidt particle size provided a larger contact area. However, reduction in particle size increased the 252 packing density, which causes a reduction in the void space between the particles, which results
253
in reduction in microbial growth and enzyme production (Ruiz et al. 2012 ). Therefore, there 254 must be an optimum for particle size. As the highest GA activity was obtained using 0.6≤X≤1.18 255 particle size, it was adjusted to that particle range in the following set of experiments. On the basis of their P-value, R 2 , SD and predicted sum of square values, the adequacy of the 265 quadratic regression model was found to be significant for GA production. The statistical 266 significance of the ratio of mean square variation due to regression and mean square residual 267 error was investigated using the ANOVA. The associated P-value was used to estimate whether
268
F is large enough to indicate statistical significance. If P-value is lower than 0.05, it indicates that 269 the model is statistically significant. The ANOVA result for the GA production system showed 270 the model F-value of 21.96 indicating that the model is significant (Table 4) . There is only a Usually, the higher the CV value, the lower is the reliability of experiment. In this study, a CV by A. awamori using SSF is adjusted to neutral pHs as the fungus grows well at such pHs. Since 313 the maximum activity of 92.92 U/gds was determined at pH 7.5 using initial moisture content of 314 69.6%, these conditions were kept constant in the subsequent studies to find the optimum 315 inoculum loading and incubation time.
317
The GA production increased by using an inoculum loading of 2*10 5 to 9*10 5 /gs for 5 to 7 days fermentation. This may be one of the major causes of deceleration of the growth and enzyme 327 production after 6 th day of the fermentation. Therefore, the effect of initial pH was evaluated 328 using the optimized parameters and it was predicted that the GA activity increased from 90.69 329 U/gds to 107.1 U/gds using initial pH of 7.9 instead of pH 7.0 ( Figure 5C ). The pH reached 4.5 330 after the 5 th day of the fermentation when the initial pH was 8 and 9. On the other hand, the pH 331 decreased to 3.5 and 4 when the initial pH was adjusted to 6 and 7, respectively. This explains 332 why the microbial growth and GA production was enhanced using an initial pH of 7.9. 
Conclusions
369
This study demonstrated the feasibility of effective production of GA with SSF using FWs as 370 sole nutrient source. GA with the highest activity was produced from cake waste using SSF by A.
371
awamori. The optimum conditions for GA production from cake waste were determined as initial 372 pH of 7.9, initial moisture content of 69.6%, inoculum loading of 5.2*10 5 /gs and incubation time 373 of 6 days. Under these conditions, GA activity of 108.47 U/gds was obtained. This study showed 374 that waste cakes could be ideal raw materials for production of high-activity enzymes through 375 SSF. The produced enzyme solution can be a potential candidate for the saccharification of FW,
376
so it can significantly reduce the process cost because commercial enzymes are not purchased.
377
The saccharification degree obtained during the hydrolysis may be one of the best reported till 378 date and the glucose concentration obtained is sufficient enough to produce various kinds of 379 biofuels. 
